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Augmentation of the craniofacial skeleton to achieve aesthetic
balance has long been a desired goal. Alloplastic facial
implantation technology has evolved tremendously since
its introduction in the early 20th century, with the first facial
augmentations of the chin using ivory and gold.1 Through the
1970s, the treatment of facial fractures was limited to inter-
osseous and suspension wiring.2 Currently, a variety of
materials are at the disposal of the facial surgeon, including
metals, polymers, ceramics, adipose tissue, and biologic or
synthetic injectable fillers.3–18 Facial implants may be used in
a variety of reconstructive and aesthetic settings, and may be
implanted in many anatomical positions.6,7,9–12,14,15 Com-
mon locations are the chin, midface, and nose, with multiple
options depending on patient esthetic goals.

Despite their widespread use and established clinical
utility in facial surgery, complications have been well-docu-
mented including pain, aesthetic dissatisfaction, visibility,
extrusion, and infection.5,9,13,19 Infection is an uncommon,
though serious complication often necessitating reoperation
and implant exchange. There is a general lack of consensus in
the literature regarding the management of infectious com-
plications. We aim to review the literature, describe our own
institutional experience, and define a patient care pathway
for implant-associated infections.

Implant Materials and Infections

Although the use of autologous tissue for reconstruction has
historically been the standard of care for facial reconstruction,
there has also been an increased use of a variety of alloplastic
materials ranging from metals such as titanium to polymers
includingporouspolyethylene,polytetrafluoroethylene, silicone,
and methyl methacrylate among others. These alloplastic
materials can improve operative efficiency as well as reduce
donor sitemorbidity, thereby providing an attractive alternative
for both surgeons and patients. Although the alloplasticmaterial
of choice often depends on the location and goals of reconstruc-
tion, polyetherketone (PEEK) implants have been considered the
gold standardwith porous polyethylene (MEDPOR, Stryker) as a
promising alternative.6 These implants are useful in a variety of
locations including the orbit, zygoma, and mandible with infec-
tion rates as lowas 5.7 to 12.5%. Porous implants are designed to
allow fibrovascular ingrowth and vascularization with the goal
of preventing infection. On the other hand, it has been shown
that any bacterial infiltration of a porous implant prior to
implantation will inevitably lead to infection.15

Of all the risks and complications specific to the use of
these alloplastic materials, infection poses one of the most
challenging to treat, and can necessitate complete removal of
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Abstract Alloplastic facial implants have a wide range of uses to achieve the appropriate facial
contour. A variety of materials such as metals, polymers, ceramics and synthetic
injectable fillers are available to the reconstructive and aesthetic surgeon. Besides
choosing the right surgical technique and the adequate material, the surgeon must be
prepared to treat complications. Infection is an uncommon but serious complication
that can cause displeasing consequences for the patient. There are few references in
literature regarding treatment and management of facial implant–related infections.
This study aims to discuss the role of biofilm in predisposing alloplastic materials to
infection, to provide a review of literature, to describe our own institutional experience,
and to define a patient care pathway for facial implant–associated infection.
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the implant and loss of reconstruction. As there is no consen-
sus on an algorithm bywhich to manage these infections, it is
important to understand the factors that predispose allo-
plastic materials to infection to appropriately prevent and
treat them. One of the most important concepts in under-
standing alloplastic infections is the role of the biofilm. A
biofilm is defined as an aggregate community of microorgan-
isms encapsulated within a self-developed polymeric matrix
and irreversibly adherent to a living or inert surface.20,21

Although the first observations of biofilms were made
centuries ago in relation to dental plaque, visualization was
not possible until the invention of scanning electron micros-
copy.22,23 In understanding the structure and function of
biofilms, it is crucial to recognize that they are a heteroge-
neous structure of bacterial colonies, which respond to
stimuli, grow, and can interfere with macrophage phagocy-
tosis. They do not generate an immune response and can have
up to a 1,000-fold improved resistance to antibiotics.24

Although attempts have been made to impregnate stocked
implants with antibiotics in an effort to reduce biofilm
formation, the long-term efficacy of soaked implants is
poor.25 The greatest risk for infection of facial implants is
from inoculation of bacteria at the time of the initial surgery,
and the subsequent formation of biofilm. Malaisrie et al used
guinea pigmodels to demonstrate anatomical evidence of the
development of biofilms at 1 week after being contaminated
with Staphylococcus aureus in a variety of facial bioimplants:
titanium, silicone, ion-bombarded silicone, expanded poly-
tetrafluoroethylene (e-PTFE; GORE-TEX), and porous high-
density polyethylene (PHDPE; Porex Surgical Inc.). The phys-
iology of biofilms also explains why facial implant infections
may frequently present as subacute or chronic infections,
often leading to indolent clinical infections.26 As antibiotics
may be incapable of penetrating such biofilms, removal of the
implant may be the only remaining treatment.1

Treatment and Management

For decades the treatment of implant-related infections from
any source has been empiric, and then culture-directed
antibiotic therapy, incision and drainage, and implant
removal. However, the morbidity and mortality associated
with hardware and/or device removal in cardiothoracic,
vascular, and orthopedic surgery has led to the development
of more conservative treatment alternatives. In these special-
ties, more recent strategies for the treatment of implant-
related infections consist of wound debridement and sys-
temic antibiotic use with the local delivery of higher concen-
trations of antibiotics in an attempt to salvage the infected
device. In orthopedic surgery, the treatment of implant-
related infections in septic revision arthroplasty has evolved
toward two-stage revision protocols using antibiotic-loaded
cement spacers. In trauma surgery, gentamicin polymetha-
crylate beads and gentamicin-loaded collagen sheets are
often used with clinical success, although controlled and
randomized trials have not yet been performed.27 Gentami-
cin collagen sponges have also been reported as an adjunct in
the salvage of infected cochlear and breast implants.28 Given

the success of these implant salvage approaches in other
specialties, plastic surgeons are also beginning to attempt
salvage of infected or exposed facial implants. Although there
has yet to be a head-to-head controlled study examining
efficacy, many studies have demonstrated a variety of
approaches with variable success.

A series of 285 MEDPOR grafts used for craniofacial recon-
struction stratified a graft “survival” curve based on diagnosis at
time of admission and site of implant placement. Both factors
were considered predictors of graft outcomes with certain sites
(i.e., nose, maxilla, and ear) and diagnosis at admission (i.e.,
syndromic patients with previous surgeries) being associated
with ahigher riskof implant failure.29 Fialkovet al suggested that
the use of porous polyethylene implantation through a transoral
route was correlated with a significant risk of postoperative
infection.30 Menderes et al found that placement of porous
polyethylene implants directly under the skin without coverage
of periosteumoranother fascial envelopehas an increased riskof
early as well as late exposure.31

In considering the importance of biofilms in these infec-
tions, Desai et al showed anatomical evidence of microbial
biofilm on the explanted implant of a patient presenting
infection 1 year after a GORE-TEX dorsal nasal implant.
Conservative management with a 3-week course of a quino-
lone antibiotic was initially attempted, leading to a mild
resolution of symptoms; however, the symptoms returned
after discontinuing the antibiotics. Cultures of the implant
isolated S. aureus sensitive to the quinolone used for treat-
ment, demonstrating the medical importance of biofilm as a
highly resistant barrier to host defenses and antibiotics.19

Another consideration in facial implant infections is the
type of bacteria that may be responsible for the infection.
While skin flora including staphylococcus and streptococcus
are the most common culprits, atypical bacteria may also be
involved and require quite different antimicrobial coverage to
eradicate the infection. For example,mycobacteria are emerg-
ing as an important category that causes local cutaneous
infections even in immunocompetent patients. Rhie et al
described a case of nontuberculous mycobacterial infection
related to a nasal silicone implant. These organisms can have a
late presentation and show negative results in routine
cultures. Further sophisticated tests such as polymerase chain
reaction can detect the organisms more precisely; treatment
consists of incision and drainage, implant removal, and
3 months of clarithromycin.32

Although antibiotic therapy is often attempted at initial
presentation of these infections, exposure of an implant often
necessitates surgical management. Lu et al reported the use of
subconjunctival tissue flaps to repair exposed hydroxyapatite
(HA) orbital implants in 126 patients with > 3-mm exposure
with a clean white anterior implant surface. Removal of the
orbital prosthesis was followed by topical tobramycin eye
ointment twice daily to the exposed HA for the week prior to
surgery. An antibiotic solution with gentamicin was used for
intraoperative irrigation along with strong suction to facilitate
washout of all necrotic debris in the depth of the sphere. The
complication rate was 17.5%, with only one of the patients
experiencing implant infection.33 However, the average
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follow-up of 24 months is relatively short given the subacute or
chronic presentation of many implant infections and extrusions
that can appear as late as 47 years after insertion.34

Although there is not yet enough data to guide the surgeon’s
endeavor of implant salvage, future strategies may include a
focus on nonantibiotic therapy directed toward physical biofilm
disruption. Therapies such as laser-produced pressure waves,
pulsed ultrasound, hydrodynamic flushing, and probiotics and
surfactants have shown laboratory and clinical promise as
potential treatments of biofilms. For example, low-frequency,
high-intensity ultrasound has been shown to improve antibiotic
efficacy when treating patients with refractory chronic rhinosi-
nusitis as biofilms are typical of chronic rhinosinusitis. This may
be due to a variety of possible mechanisms including increasing
antibiotic transport to bacteria, the permeability of cell mem-
branes, and themetabolic activity of biofilm bacteria to increase
susceptibility to antibiotics affecting active organisms.35,36

There are numerous considerations in treating facial implant
infections including type and location of the implant, which is
partly responsible for the lack of consensus in how best to
manage these infections. Given the current literature indicating
the limited success of implant salvage, it becomes evident that
the best strategy against facial implant infection is to prevent its
occurrence. Of paramount importance is a good physical exami-
nation and evaluation of the skin, subcutaneous tissue, and
surrounding structures that constitute the soft tissue envelope.
Other preventative measures include implementation of clinical
practice routines such as preoperative clinical and radiograph
screening to diagnose and treat any dental pathology or facial
sinus pathology close to surgical areas, maintaining adequate
sterility, minimizing glove powder and debris on the implant,
use of intraoperative antibiotic irrigation, and adequate site
selection to provide optimal fixation and coverage of the
implant.37 If transoral or transnasal implantation is performed,
it is crucial to carefully clean the mucosal areas with chlorhexi-
dine-gluconate, povidone-iodine, or cetrimide solution.38 Other
important factors to consider are the choice of foreign material
used, the degree of integration with the surrounding host
tissues, and the expectations of long-term support and
biocompatibility.6

Case Report 1

A52-year-oldmanwas diagnosedwith a rightmaxillary sinus
mass with local destruction and orbital invasion. He under-
went a right suprastructure maxillectomy via a Weber-
Ferguson incision to remove the mass. Due to concerns for
an aggressive tumor, the head and neck surgery service opted
to not reconstruct the resultant defect at the time of resection.
He was lost to follow-up for several months, but presented to
the plastic surgery clinic 8 months later.

Given that he did not require neoadjuvant radiotherapy, the
patient underwent alloplastic reconstruction with a prefabri-
cated three-dimensional model MEDPOR two-third orbital
porous polypropylene implant. During surgery, the previous
Weber-Ferguson incision was used to access the defect and to
place the device. The implant was fixated with Stryker gold
midface plates and 1.2-mm screws (Stryker Leibinger Midface

module). The skin flap was anchored to the infraorbital rim
portion of the implant with polydioxanone sutures (Ethicon)
in a simple interrupted fashion. The remaining facial incision
was closed in layers. An immediate postoperative computed
tomography (CT) scan showed adequate anatomical recon-
struction of the zygomaticomaxillary defect. His immediate
postoperative course was uncomplicated. He completed a
standard course of postoperative oral antibiotics and was
seen for routine follow up twice before being lost to follow-up.

Two years later, the patient presented with facial cellulitis
and minimal drainage from his right nostril that were treated
with intravenous (IV) antibiotics for 4 days and then com-
pleted a 3-week course of oral antibiotics. Given the clinical
improvement, the patient declined further intervention
including antibiotics or implant removal. He subsequently
presented 2 months later with facial cellulitis, was treated
with removal of the ipsilateral third molar, and declined
removal of the facial implant.

The patient presented again with a cutaneous fistula and
right cheek cellulitis, 3 years later (►Fig. 1). Hewas treatedwith
debridement of the infraorbital hardware with attempted
salvage of theMEDPOR implant based on intraoperative evalua-
tion. However, he again developed localized cellulitis with a
draining abscess. Hewas admitted for IVantibiotics and removal
of the implant. He was subsequently reconstructed with a free
osteocutaneous fibula flap (►Fig. 2).

Case Report 2

A 30-year-old man underwent delayed reconstruction with a
MEDPOR implant and temporoparietal fascia flap following a
degloving injury. He had a normal postoperative course, but
presented 4 months later with repeated episodes of subacute
cellulitis that resolved with antibiotics. Ultimately, however, he

Fig. 1 Development of sinus tract prior to implant removal.
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presented with severe swelling, redness, malaise, aches, and
purulent drainage from the implant (►Fig. 3). He was treated
with IV antibiotics and removal of the implant (►Fig. 4). The
patient did well postoperatively and was discharged pending
reconstruction with autologous rib cartilage (►Fig. 5).

Conclusions

In our experience, as demonstrated by both case reports, we
initially attempted implant salvage through antibiotic treatment
as well as operative debridement. In both cases, however, the
porous implants appeared to be already seeded with biofilms
that prevented true vascular ingrowth as well as antibiotic
penetration. This was demonstrated by the chronic and persis-
tent nature of these infections despite multiple courses of anti-
biotics. Despite efforts to debride these biofilms operatively,
infection recurred and ultimately necessitated removal of the
implants. In both cases, autologous reconstruction remained the
safe alternative for ultimate reconstruction for these patients.
Given the paucity of literature demonstrating success with

implant salvage, a reasonable algorithm for management of
these infections seems to be a trial of antibiotics with operative
debridement, with the consideration that implant removal is
crucial should the infection persist or recur.

Fig. 3 Periprosthetic cellulitis.

Fig. 4 MEDPOR implant after removal.

Fig. 5 One-month postimplant removal.

Fig. 2 (A) Free fibula osteocutaneous flap prior to tailoring for defect. (B) Inset of free fibula osteocutaneous flap.
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